How might this impact on clinical practice?
► Inotropic therapy may not be a good marker for selection of candidates of advanced heart failure therapies, such as ventricular assist devices, especially in centres where these therapies are not broadly available.
AbstrAct
Objectives The prognostic significance of transient use of inotropes has been sufficiently studied in recent heart failure (HF) populations. We hypothesised that risk stratification in these patients could contribute to patient selection for advanced therapies.
Methods We analysed a prospective cohort of adult patients admitted with decompensated HF and ejection fraction (left ventricular ejection fraction (LVEF)) less than 50%. We explored the outcomes of patients requiring inotropic therapy during hospital admission and after discharge.
Results The study included 737 patients, (64.0% male), with a median age of 58 years (IQR 48-66 years). Main aetiologies were dilated cardiomyopathy in 273 (37.0%) patients, ischaemic heart disease in 195 (26.5%) patients and Chagas disease in 163 (22.1%) patients. Median LVEF was 26 % (IQR 22%-35%). Inotropes were used in 518 (70.3%) patients. In 431 (83.2%) patients, a single inotrope was administered. Inotropic therapy was associated with higher risk of in-hospital death/urgent heart transplant (OR=10.628, 95% CI 5.055 to 22.344, p<0.001). At 180-day follow-up, of the 431 patients discharged home, 39 (9.0%) died, 21 (4.9%) underwent transplantation and 183 (42.4%) were readmitted. Inotropes were not associated with outcome (death, transplant and rehospitalisation) after discharge.
Conclusions Inotropic drugs are still widely used in patients with advanced decompensated HF and are associated with a worse in-hospital prognosis. In contrast with previous results, intermittent use of inotropes during hospitalisation did not determine a worse prognosis at 180-day follow-up. These data may add to prognostic evaluation in patients with advanced HF in centres where mechanical circulatory support is not broadly available.
IntROduCtIOn
Hospital admissions are frequent among patients with heart failure (HF) 1 with a broad range of clinical presentations and haemodynamic profiles. It has been estimated that half of patients have either arterial hypotension or other signs of tissue hypoperfusion at hospital admission, 2 3 and a significant proportion of these patients receive inotropic therapy during the course of hospitalisation. 4 Inotropes have been consistently associated with worse prognosis when administered in the absence of cardiogenic shock or tissue hypoperfusion, 5 6 and suggested mechanisms involve increased risk for ventricular arrhythmias, increased myocardial metabolic demand, eosinophilic myocarditis and interactions with other medical interventions, such as beta-blocker therapy. 7 Current indications for administration of inotropes remain restricted to the presence of cardiogenic shock and persistent signs of tissue hypoperfusion. 8 In this scenario, patients who become inotropic dependent during episodes of decompensated HF have limited therapeutic options and are considered potential candidates for advanced therapies and palliative care; specifically, inotropic dependency is currently a criterion for selection of patients who may benefit from mechanical circulatory support (MCS) systems. 8 However, recent studies evaluating the effect on inotropic therapy in patients with advanced HF and persistent states of low cardiac output have suggested that this therapeutic strategy may be safe and that patient outcomes may have improved in the face of contemporary HF medical treatment, as well as due to the increased number of ICDs in these populations. 9 Furthermore, the prognostic significance of transient use of inotropes has not been sufficiently studied in recent patient populations. This information may be especially valuable in centres where advanced HF therapies, such as heart transplants or MCSs, are not broadly available, as these therapies are frequently restricted by a limited donor supply, presence of comorbidities or lack of social and economic support.
Therefore, we hypothesised that risk stratification in patients who are eventually weaned from inotropes during episodes of acute decompensated HF could contribute for better patient selection for advanced HF therapies.
MetHOds

Objectives
The primary aim of our study was to analyse the outcomes of patients requiring inotropic therapy during the course of a hospital admission due to decompensated HF, as well as 180 days after hospital discharge. Furthermore, we sought to identify clinical variables possibly associated with a less favourable outcome in this patient population.
study design
We analysed a prospective cohort of patients admitted to the Heart Institute (InCor) of the Hospital das Clínicas da Faculdade de Medicina da Universidade de São Paulo with a diagnosis of acute decompensated HF. The first inclusion occurred in August 2013, and the last was in December 2017. Patients were followed up for 180 days after hospital discharge.
Patients
We included patients over 18 years of age admitted with a diagnosis of acute decompensated HF and ejection fraction less than 50% as measured by echocardiography. We excluded patients hospitalised for less than 24 hours and patients with cardiogenic shock or decompensated HF during the postoperative period after heart surgery. For the purpose of the present analysis, HF aetiology was categorised into three groups as follows: Chagas cardiomyopathy, ischaemic cardiomyopathy and dilated cardiomyopathy (DCM) related to other conditions.
Variables
Data were obtained from medical records, including demographic information, epidemiological data, pathological history, reason for hospitalisation, presence and duration of HF-related symptoms, aetiological diagnosis of HF or cardiomyopathy, physical examination, electrocardiographic and echocardiographic data and major events during hospitalisation, that is, death and heart transplantation. After hospital discharge, we recorded the occurrence of death, heart transplantation or readmission at 180 days.
statistical analysis Categorical variables are described as absolute value and percentage; continuous variables are described as median ±IQR 25%-75%. For non-normal distribution of variables, the non-parametric Mann-Whitney U test was used. Comparison of proportions between groups was performed with the χ 2 test. Multivariate analysis was performed with stepwise logistic regression. Survival was estimated by using the Kaplan-Meier method, and differences in survival between groups were assessed with the log-rank test. Cox proportional hazards models were used to determine the influence of the variables on patients' survival. We included in the model variables with a p value in univariate analysis less than 0.1. P values less than 0.05 were considered significant. Statistical analysis was performed using SPSS for Windows 11.0.
Results
Baseline characteristics
We included 737 patients admitted with decompensated HF from August 2013 to December 2017 (table 1) . Patients were predominantly male (64.0%), and the median age was 58 years (IQR 48-66 years). Main aetiologies were DCM in 273 (37.0%) patients, ischaemic heart disease in 195 (26.5%) patients and Chagas disease in 163 (22.1%) patients. Median left ventricular ejection fraction (LVEF) was 26% (IQR 22%-35%). Inotropes were used in 518 (70.3%) patients: dobutamine in 494 (95.4%), milrinone in 88 (17.0%) and levosimendan in 17 (3.3%) patients. In most patients (431, 83.2%), a single inotropic agent was administered (dobutamine in 97%), and association of inotropic drugs (dobutamine with milrinone and/ or levosimendan) was observed in 16.8% (87 patients).
Vasopressor support with norepinephrine was used in 169 (32.6%) patients.
Comparison of clinical and laboratory variables
When clinical characteristics were analysed according to the use inotropic drugs during hospital stay (table 1), we found that patients who required inotropic therapy frequently had a higher proportion of HF secondary to Chagas and valvular disease (25.7% vs 13.7% and 6.0% vs 2.7%, respectively, p<0.001), and a precipitant factor for HF decompensation was less frequently identified (46.5% vs 68.0%, respectively, p<0.001). At admission, patients requiring inotropic therapy more often had clinical and laboratory signs of both congestion and decreased organ perfusion; furthermore, median LVEF was also lower (25% (IQR 21-30) vs 30% (25-40), respectively, p<0.001) and RV dysfunction was more frequent (44.8% vs 21.0%, respectively, p<0.001) in these patients.
Heart failure and cardiomyopathies Figure 1 In-hospital outcomes (discharge, death, or heart transplantation) according to treatment with inotropic drug.
In-hospital prognosis During hospital stay, 215 (29.2%) patients died, and 87 (11.8%) underwent heart transplantation. Patients who required inotropic support had a higher proportion of in-hospital death and heart transplantation, compared with patients who did not require inotropic support (40.3% vs 3.2% and 15.9% vs 2.3%, respectively, p<0.001) (figure 1); 228 (44.0%) were successfully weaned off inotropes and discharged.
In a logistic regression analysis for adverse in-hospital composite outcome (death plus heart transplantation) (table 2), inotropic therapy was associated with a 10.6-fold higher risk of composite outcome (OR=10.628, 95% CI 5.055 to 22.344, p<0.001). Other independent variables significantly associated with composite outcome were HF, with ischaemic disease being associated with a twofold increased risk of adverse outcome compared with DCM (OR=1.961, 95% CI 1.128 to 3.410, p=0.017), lower SBP on admission (OR=0.985, 95% CI 0.975 to 0.995, p=0.003) and higher B natriuretic peptide (BNP) level on admission (OR 1.215, 95% CI 1.040 to 1.420, p=0.014).
We further separately analysed patients who required inotropic support and found that, compared with discharged patients, those who had composite outcome (death or heart transplant) had more signs of congestion 3 ). From the patients who had been treated with inotropes during hospitalisation, 82.6% were alive at 180 days with no heart transplant or need for MCSs. In a model of multivariate regression adjusted for age, of the variables HF aetiology, presence of precipitant factor, arterial hypertension, diabetes mellitus, LVEF, right ventricular dysfunction at echocardiography, use of inotropes during hospitalisation, as well as BNP and urea at discharge, the only variable independently associated with composite outcome was LVEF (HR=0.847, 95% CI 0.743 to 0.966, p=0.013).
dIsCussIOn
In the present study, we explored the impact of inotropic therapy in patients with decompensated HF and the importance of further risk stratification in this patient population. We found that inotropic therapy is a strong predictor of in-hospital death and that clinical variables, such as ischaemic aetiology, admission blood pressure, BNP value and use of more than one inotropic agent, can offer additional risk to these patients. However, in our cohort, inotropic therapy during hospital admission was not associated with a worse prognosis after discharge. Importantly, we found in our population a high rate of inotropic therapy and a high rate of in-hospital death and heart transplantation. The proportion of patients using inotropes during hospitalisation for decompensated HF is variable among studies, about 7% to 42% 4 6 10-13 and the indication for their use is not always clear. In a prospective, multicentre, observational study 4 of 1855 patients admitted with acute HF, inotropes were used in 19.4% of patients, and about 50% of patients receiving inotropes had systolic blood pressure at admission >100 mm Hg and only 27% of these showed signs of hypoperfusion. In the Organized Program to Initiate Lifesaving Treatment in Hospitalized Patients with Heart Failure (OPTIMIZE-HF) registry, 14 which included 48 612 patients hospitalised with acute HF, inotropes were used in 7% and about 48% had a systolic blood pressure ≥120 mm Hg on admission. In the The Acute Decompensated Heart Failure National Registry (ADHERE) registry, 6 only about 8% of patients treated with inotropes had systolic blood pressure <90 mm Hg at admission. These results may suggest that the use of inotropes may not always be performed according to the current guidelines, which state that intravenous inotropic drugs are appropriate for short-term use in patients with SBP <90 mm Hg and/or signs/symptoms of hypoperfusion (class IIb recommendation). 8 In our study, 64% of patients showed signs of hypoperfusion and/or SBP <90 mm Hg, and positive intravenous inotropic drugs were used in 70% of the total population. It should be noted that systolic blood pressure and hypoperfusion data were collected on admission, while inotropic drugs could have been introduced later during the course of hospitalisation with the patient presenting with a different haemodynamic profile. The higher percentage of inotropic use in our hospital may be explained by the severity of the disease in this population, as shown by the low median LVEF (26%), high proportion of right ventricle dysfunction (37.7%), high median creatinine level (1.64 mg/ dL) and the need for cardiac transplantation during hospitalisation and follow-up in 14.8% of patients; additionally, the study was performed in a tertiary hospital to which refractory patients are referred for advanced HF therapies. ACEi, ACE inhibitor; ACS, acute coronary syndrome; ARB, angiotensin receptor blocker; BNP, B natriuretic peptide; CRT-D, defibrillator with cardiac resynchronisation therapy; HF, heart failure; HTx, heart transplant; ICD, implantable cardioverter defibrillator; LV, left ventricle; RV, right ventricle; SBP, systolic blood pressure. Figure 2 In-hospital outcome according to the number inotropic drugs used.
Similar to previous results, in-hospital mortality was significantly higher in the patients treated with inotropes (40.2% vs 3.2%), with inotropic stimulation being the strongest predictor of outcome during hospitalisation (10-fold increased risk of death/heart transplantation). Other variables associated with outcome were ischaemic HF aetiology, lower systolic blood pressure and higher BNP level on admission (table 2) . Among patients treated with inotropes, association of different positive inotropic drugs had a fivefold increased risk of composite outcome. A recent retrospective cohort of 500 adult patients treated with dobutamine or milrinone during hospitalisation for acute decompensated HF 14 had an overall 180-day mortality rate of 16%. Seemingly, post hoc analysis of Acute Heart Failure Global Survey of Standard Treatment (ALARM-HF) data 15 showed a much greater in-hospital mortality rate in patients receiving intravenous inotropes (25.9%) compared with those who did not (5.2%), regardless of the admission SBP. After propensity-based matching, they found a 1.5-fold increased risk of death in patients receiving dopamine or dobutamine compared with patients not receiving inotropes. Furthermore, an analysis of the ADHERE registry 6 found an increased in-hospital mortality associated with treatment with dobutamine or milrinone compared with nitroglycerin or nesiritide (12.3% and 13.9% vs 4.7% and 7.1%, respectively). In the OPTIMIZE-HF registry, in-hospital mortality was associated with lower SBP on admission and independently with the use of inotropes. In fact, even when systolic blood pressure was >120 mm Hg, mortality was higher in the patients treated with these drugs. Besides lower systolic blood pressure and inotropic stimulation, other variables independently associated with in-hospital mortality in other studies were older age, serum creatinine >1.5 mg/dL and serum sodium <136 mEq/L. 4 In our study, a significant proportion of patients (44%) were weaned off inotropes and discharged home. Of these, 190 patients (82.6%) were alive at 180 days with no heart transplant or need for MCSs. Other authors reported similar results in a population of 80 patients dependent on inotropic support, where about 55% of patients were weaned-off inotropes, most of them being discharged home and showing an LVAD/transplant-free cumulative survival of 71%, during a mean follow-up of 2074 days. 16 In our population, no difference existed in all-cause mortality, need for heart transplantation or rehospitalisation after discharge. Patients who were weaned off inotropes showed a similar outcome, compared with those who did not need inotropic support, and the only variable we found to be related to composite outcome was a lower LVEF. Studies on out-of-hospital prognosis after treatment with inotropic drugs in the acute setting are rare, and most of them support the harmful impact of these drugs. Another study found that both in-hospital mortality and mortality at 1-year follow-up were higher in the patients treated with inotropes during hospitalisation (21.4% vs 2.7% and 50.6% vs 17.7%, respectively), and inotropic use was independently associated with all-cause mortality using a propensity score adjustment logistic regression. 4 A post hoc analysis of the Evaluation Study of Congestive Heart Failure and Pulmonary Artery Catheterization Effectiveness (ESCAPE) trial also showed a shorter survival after discharge among patients who received in-hospital inotropes, compared with those who did not (144 vs 165 median days, respectively). 17 Finally, it should be noted that most of the evidence about the impact of inotropes on HF comes from observational studies or post hoc analysis of trials not designed for the purpose. In fact, the severity of the disease and the dependence on inotropes for survival represent clinical and ethical restrictions to the development of randomised placebo controlled trials in this setting. Furthermore, most of these trials were performed before ICDs were used for primary prevention (which could now protect from inotropic-associated mortality) and used inotropic drugs that are no longer in use. Therefore, we have insufficient evidence to support conclusions about inotrope safety nowadays.
Limitations of this study are mostly related to its design: because data were obtained from medical records, it sometimes resulted in incomplete clinical and haemodynamic data, and information about cause of death was not always available. Timing and dose of the inotrope used were not available and could have allowed a better analysis of the association of these drugs with the outcome. The single-centre nature of our study may also reflect local practice patterns, and comparison with other populations should be done with caution.
In conclusion, inotropic drugs are still widely used for support of patients with advanced decompensated HF and are associated with worse in-hospital prognosis. However, transient use of inotropes during hospitalisation did not determine a worse prognosis at 180-day follow-up, and thus, was not a good marker for selection of candidates of advanced HF therapies, such as MCSs, especially in centres where these therapies are not broadly available.
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